Background The reuse of organic wastes in agriculture is an appropriate method of environment management. Most plants with ornamental leaves are cultivated in soilless media, in which peat is the basic medium; but the use of peat is questionable due to ecological damage to the environment and economic disadvantages to ornamental plant producers. Peanut shells as remained wastes of cultivating peanut has a considerable volume, compost of which can be used as available sources of ornamental plants medium. A pot experiment was conducted to investigate the possibility of using peanut shell compost in the appropriate bed in the cultivation of ornamental plants. Dracaena marginata was selected as the test plant. The control treatment consisted of a 2:1 ratio of peat to perlite, and peat was replaced by 15, 30, 45, 60 and 100 % v/v of peanut shell compost. The study was done based on a complete randomized design in three repetitions in the ornamental plants and flowers research station, Lahijan, Iran. Results The results showed that the bulk density of the planting beds decreased with the addition of peanut shell compost in comparison to the control. Peanut shell compost increased total nitrogen and available phosphorus and potassium of the media. Peanut shell compost increased plant growth indices, but the growth was reduced in 100 % in the compost treatment. The compost led to increase in nutrient uptake by plants. Conclusion In conclusion, it became known that peanut shell compost is an appropriate alternative to peat as the growth medium of ornamental plants. Because of the favorable properties and high porosity, peanut shell compost can be mixed with low-porosity substrates and applied as a substitute to peat in the cultivation media. It is not suggested to increase peanut compost level by 60 and 100 %.
Introduction
The cultivation of peanut is common in several populous countries, in which it is a major food crop. According to the World Food and Agriculture Organization, the major peanut producing countries are India, China, USA, Indonesia and Myanmar. Peanut cultivation worldwide covers about 22.2 million hectares, comprising 16.3 million hectares in Asia, 7.39 million hectares in Africa and 0.7 million hectares in South and Central America (Maiti and Ebeling 2002; Murata 2003) . The average yield of pods on a global scale increased from 1980 to 2003. Although the highest yield, 9.6 tons per hectare, has been reported in many countries, the yields are usually 3-4 ton/ha. Technology, proper crop management, soil conditions and climate fluctuations are the factors that directly affect the yield of peanut (Maiti and Ebeling 2002) .
The cultivated area of peanut in Iran is about 3218, 2718 ha of which is located in the Guilan Province. About 1980-3500 kg/ha pods is harvested and 89327.6 tons produced in Guilan. The average shell wastes of 1 kg yield is 35-40 %; therefore, about 3388-3873 tons of peanut shells wastes are annually produced in Iran (Agriculture Organization of Guilan Province 2010). As a result, it has been decided to evaluate the possibility of using this organic waste as a growth medium for Dracaena marginata as a test plant.
Today, most plants with ornamental leaves are cultivated in soilless media, among which peat is a basic medium (Atieyh et al. 2000) . However, the use of peat causes ecological damage to the environment and economic disadvantages to ornamental plant producers. These factors caused researchers to use beds of high quality and low expense, instead of peat (Krumfolz et al. 2000) .
Millions of tons of different agricultural wastes are produced annually across the country, but unfortunately a major fraction is burned or left unattended, leading to environmental pollution (Mohammadi Torkashvand 2010) . With increasing awareness of environmental problems of wastes and to decrease the use of non-renewable sources such as peat, further use of composted biosolids has been suggested in farming (Bugbee 2002; Papafotiou et al. 2005) . However, in recent years, the wastes have been chemically or biologically treated to obtain useful products before the final disposal (Rajesh Banu et al. 2001 .
Some studies show that peat can be replaced by organic wastes such as municipal wastes, sewage sludge, livestock manure, paper, waste from pruning, and fungi beds and other organic waste after composting (Gayasinghe et al. 2010 ). Investigations of Ficus benjamina variety Starlight in a growth medium containing a ratio of 1:1 of peat to olive waste (as volume) showed the plant growth to be very high during 10 months (Chen et al. 1989) . Papafotiou et al. (2005) used olive waste compost as an alternative to peat to cultivate some ornamental plants and suggested that 25, 75 and 75 % v/v of this compost could be used for cultivating Ficus benjamina, Cordyline and Syngonium podophyllum, respectively.
Applications of manure, wood chips and paper wastes mixed with volcanic material in the cultivation bed of croton (Codiaeum variegatum) and chrysanthemum showed that these materials can be used as planting beds (Cull 1981) . The bark of broad leaves and conifer trees, sewage sludge, sawdust, mushroom compost and municipal waste compost are other materials that can be used as planting beds (Fred et al. 1997; Scharpenseel and Kunth 1987; Verdonck and Gabriels 1992) . The aim of this study is to evaluate the possibility of using cellulose waste compost of peanuts (shells) as a growth medium for Dracaena.
Methods
This experiment was conducted at the Ornamental Plants and Flower Research Center, Lahijan, Iran, to evaluate the impacts of composted peanut shell wastes as an alternative to peat on the growth medium for ornamental plants. The peanut shells were supplied by a peeling peanut factory located in Astane Ashrafie Township, Guilan, Iran, and transferred to the research station. Peanut shells were placed in 1 M 3 wooden boxes ( Fig. 1 ) that had pores to provide aerobic conditions and ensure the activity of microorganisms. The temperatures and aerations were recorded during 4 months and the prepared compost was applied as the growth medium. Some physical and chemical characteristics of peanut shells (total nitrogen, phosphorus, potassium, organic carbon, C/N ratio, EC and pH in 1:5 extract peanut shells to water) before and after composting were measured (Table 1) .
D. marginata was selected as the test plant. It is a perennial plant with evergreen, shiny and smooth leaves and often has a cluster makeup at the end. It has green leaves with a dominant red color in the periphery and ivory-colored stripes at the central parts. These species have lower chlorophyll than typical green species (Edwards 1999). The peanut shell compost was produced and passed through a 20 mm sieve. Some physical and chemical characteristics (total nitrogen, phosphorus, potassium, organic carbon, C/N ratio, EC and pH in 1:5 extract peanut shells to water) were measured (Table 1) . A factorial completely randomized design was used with two factors including (a) growth media with different levels of peanut shell compost and (b) nutrient solution.
Factor A six treatments of the growth medium are as follows:
1. Control: medium with a ratio 2:1 v/v of peat to perlite, 2. 15 % compost: peat was replaced by 15 v/v of peanut shell compost in the medium, 3. 30 % compost: peat was replaced by 30 v/v of peanut shell compost in the medium, 4. 45 % compost: peat was replaced by 45 v/v of peanut shell compost in the medium, 5. 60 % compost: peat was replaced by 60 v/v of peanut shell compost in the medium, Fig. 1 The applied box for providing peanut shell compost 6. 100 % compost: peat was replaced by 100 v/v of peanut shell compost in the medium.
Factor B
1. With the use of nutrient solution, 2. Without the use of nutrient solution.
Therefore, 12 treatments in three replications were used in this study. The applied peat was purchased from the SAB Company in Germany. After preparing the media, the rooted cutting of D. marginata was transferred to pots. For this aim, first after preparing the beds, the roots of D. marginata were removed from the transplant pot and completely washed. Then for each pot with a new bed, one plant was cultivated and then transferred to the greenhouse to pass the plant growth period. Plant height and crown diameter, dry weights of the leaves and roots and fresh weights of the leaves and roots were measured at the end of the experiment.
The total Kjeldahl nitrogen (TKN) and the total organic carbon (TOC) of the samples were estimated using a micro-Kjeldahl method (Singh and Pradhan 1981) and Walkey and Blacks (1934) rapid titration method, respectively. The pH and EC were determined on an extract of 1:5 ratio of compost to water by weight. Phosphorus and potassium were determined by spectrophotometric and flame photometric methods, respectively. The physical properties of beds were measured by Gabriels et al. (1993) .
During the growth period, the pots were irrigated with distilled water. The leaves were harvested after 4 months and the dry matter yield was determined after drying of the harvested leaves at 70°C for 48 h. Subsamples of the dry leaves were ground and then the dry ash was extracted with 2 M HCl from the furnace at 550°C. The concentrations of Ca, Mg, Fe, Mn and Zn were measured in the extracts by atomic absorption spectrophotometry, K by flame photometry, and P by spectrophotometry. The experiment was a completely randomized design in three replications and MSTATC software was used for the variance analysis of data by least significant difference (LSD) test.
Results

Physical and chemical characteristics of the cultivation media
Some physical and chemical characteristics of the planting media are provided in Table 2 . The use of peanut shell compost tends to decrease the bulk density of the growth media. The highest decrease was observed in 100 % compost; consequently, the porosity of this medium increased by 2 % more than that of the control. The C/N ratios in the peanut shell compost treatments were much lower than in the control due to the high organic carbon and low total nitrogen in peat compounds. The use of peanut shell compost caused a decrease in the available phosphorus of cultivation beds. A noticeable aspect was an increase in potassium in the cultivation beds in proportion to the used peanut shell compost. Potassium in 100 % perlite treatment was 40 times more than that of the control treatment, but it should be noted that the salinity of the bed increased from 0.21 dS/m in the control to 4.38 dS/m in the 100 % perlite treatment. Acidity (pH) increased in proportion to the compost used, so pH increased by 1.18 units in the 100 % compost treatment compared with that in the control.
Impacts of treatments on plant growth
ANOVA results (Table 3) showed that the effect of compost (A) on all indices of growth and the impact of nutrient solution (B) on the growth indices of plants (except the dry weight of root) were significant at a 5 % level. The interaction impact A 9 B was significant at a 5 % level in terms of leaf numbers, height, crown diameter and the fresh and dry weight of leaves. Table 4 indicates the impact of treatments on the growth of plants. The highest recorded leaf number was observed at 15, 30 and 60 % compost, respectively. The highest plant height (23.61 cm) was obtained for the 15 % treatment of peanut shell compost, which had no significant difference from the 30 % treatment with peanut shell compost (22.67 cm). However, there was a significant difference in the control (19.11 cm). The lowest height (11.67 cm) was related to 100 % peanut shell compost. The largest crown diameter (2.36 cm) was found for the 30 % peanut shell compost, a more significant difference than that found for the control. All peanut shell compost treatments caused an increase in crown diameter compared to the control. The largest dry weight of root (8.29 g) was obtained in 45 % peanut shell compost, which differed significantly from that of the control (2.25 g), but showed no difference from 15, 30 and 60 % compost. The lowest dry weight of root (5.77 g) was related to 100 % peanut shell compost. The treatments of peanut shell compost significantly increased the leaf dry weight, more than in the control; however, the lowest leaf dry weight (4.02 g) obtained in 100 % peanut shell compost was significantly lower than that of the control. Table 5 shows that the nutrient solutions had a further impact on the growth of plants in all treatments, compared to plants receiving no nutrient solution. Based on Table 6 , the highest plant height (26.0 cm) was obtained for 15 % peanut shell compost with a nutrient solution. This differed significantly from the control (13.0 cm) without a nutrient solution. The comparison between the control treatments, the nutrient solution and compost treatments without a nutrient solution indicated that the growth indices of the control treatment were approximately the same with compost treatment and without a nutrient solution.
Impacts of treatments on nutrient concentration in leaves
Based on Table 7 , the effect of compost (A) on the concentration of N, P, Ca, Mg, Fe, Zn and Mn in leaves and the impact of nutrient solution (B) on P, K, Fe and Mn were significant at a 5 % level. The interaction impact A 9 B was significant at all nutrient concentrations (excluding N) at a 5 % level. The concentration of P, Mg and Mn in leaves decreased in treatments with peanut shell compost (Table 8) . Nitrogen concentration increased in 15 % compost treatments and then decreased in other treatments of compost, so they showed no significant difference from the control.
Nutrient solution significantly increased the phosphorus and potassium and decreased the zinc and manganese concentrations in leaves, compared to leaves without a nutrient solution (Table 5 ). The interaction impact A 9 B on the nutrient concentration in Dracaena leaves is provided in Table 9 . The results show that the highest leaf nitrogen (2.74 %) was related to a 15 % peanut shell compost treatment with a nutrient solution, which differed significantly from 0, 30, 45, 60 and 100 % treatments in both nutrition conditions. The control treatment had a higher concentration of phosphorus (2.13 %) than the 15, 30, 45 and 60 % treatments of peanut shell compost. The lowest phosphorus concentration was observed for the 45 % peanut shell compost without a nutrient solution. The highest K concentration was observed for the 30 % shell compost with a nutrient solution. The impact of peanut shell compost was significant on leaf calcium. The highest calcium (8.74 %) was observed for the 30 % peanut shell compost with a nutrient solution, a significant difference from the other treatments.
Based on Table 7 , the effect of compost (A) on the uptake of all nutrients by plants and the impact of nutrient solution (B) on N, P, K, Ca, Mg, Fe and Mn were 4.38 significant at a 5 % level. The interaction impact A 9 B was not significant only on N uptake at a 5 % level. The results of Table 10 show that the highest nitrogen uptake (162.1 mg/pot) was obtained for the 15 % peanut shell compost, which showed a significant difference from the 0, 30, 45, 60 and 100 % treatments. The lowest uptake of nitrogen was observed for the 100 % peanut shell compost (53.27 mg/pot). The control treatment had the highest phosphorus uptake (70.28 mg/pot), which did not show a significant difference from the 15 % compost; however, there was a remarkable difference with other peanut shell compost treatments. The highest and the lowest uptakes of potassium were, respectively, related to the 45 and 100 % peanut shell compost. Potassium uptake in 15 and 30 % of peanut shell compost treatments (182.6 and 185.0 mg/pot, respectively) showed no significant difference from the control. The lowest calcium uptake was related to the 100 % peanut shell compost, which showed no significant difference from the control. Manganese uptake increased significantly for the 15 % compost compared to the control, but decreased significantly in other peanut shell compost treatments when compared with the control. A nutrient solution significantly increased the uptake of N, P, K, Ca, Mg, Fe and Mn compared to no nutrient solution (Table 5) . Table 11 shows the interaction impact of A 9 B on the nutrient uptake by plants. The 15 % compost treatment with a nutrient solution showed the best uptake of nutrients compared to the control. The control treatment with a nutrient solution had a better nitrogen, phosphorus potassium and magnesium uptake than the compost treatment without a nutrient solution.
Discussion
The total nitrogen increased in proportion to the peanut shell compost used. This may have been due to the increased nitrogen provided by composted peanut shells rather than peat. Grigatti et al. (2007) reported increasing nitrogen in pot cultivation beds by adding manure compost to the soil rather than peat. The nitrogen of cultivated beds was at a sufficient level for plant growth according to Nappi and Barberis (1993) . The phosphorus decreased in proportion to the compost used (Grigatti et al. 2007 ). The highest and the lowest phosphorus for growth media was related to the control and the 100 % treatment with peanut shell compost, respectively. The phosphorus levels for composted peanut shells were higher than for peat, but the available P of compost treatments decreased. It appeared that microorganisms had converted mineral P to organic P during organic matter mineralization, thereby temporarily decreasing the availability of phosphorus (Mohammadi Tarkashvand et al. 2005) . Grigatti et al. (2007) and PrezMurcia et al. (2006) also reported a decrease in phosphorus of growth media containing green waste compost and sewage sludge. Meanwhile, there occurred a nutrient concentration and C/N ratio change during the growth of plants and decomposition of organic matter in beds. Logakanthi et al. (2006) reported that the C/N ratio of vegetable waste was reduced by 69 % during composting, along with the consumption of 50 % phosphorus by fungal species. Peanut shell compost increased the potassium levels of media in proportion to the compost used * LSD (least significant difference) shows the significant difference (q = 0.05) among the different treatments compared to the control (Grigatti et al. 2007 ). The amount of potassium in peanut shell compost was 50 times more than in peat, leading to an increase in the medium's potassium level. The higher nitrogen and lower carbon levels of peanut shell compost compared to peat caused a decrease in the C/N ratio of compost treatments (Gayasinghe et al. 2010 ). This ratio was lower than the allowed level, which is suitable for growing ornamental plants. Davidson et al. (1994) reported that the C/N ratio of ideal compost was lower than 20 for growth of plants. A C/N ratio of more than 30 may cause problems for plant growth (Zucconi et al. 1981) . The pH values of the cultivation beds were at the optimum range for culturing ornamental plants, so according to Abad et al. (2001) the appropriate pH for desirable growth was determined as 5.3-6.5.
Some favorable factors in terms of beauty such as the size and appearance of the plant are the main criteria for determining ornamental plants' tolerance to salinity. The maximum allowed salinity level of saturation extract for Dracaena is 6-8 dS/m (Alizadeh 1999 ). Therefore, it is possible that salinity may cause some problems in the growth of plants with higher compost level. Grigatti et al. (2007) found that the pH and EC of cultivation beds increased by adding 25-100 % v/v green waste compost instead of peat to cultivation beds.
A comparison of the control treatment with a nutrient solution with compost treatments, but without a nutrient solution indicated that growth indices in the control treatment were approximately the same with compost treatments and without a nutrient solution. The growth of Dracaena includes height, leaf number, dry leaf weight and dry stem weight, which in 15, 30, 45 and 60 % compost were higher than in the control and in 100 % peanut shell compost. It seems that the impact of peanut shell compost occurs due to the presence of humic materials; thus, Chen et al. (1989) claimed that the impact of compost on Ficus benjamina growth may be similar to the role of growth regulators in plant. The growth of plants decreased significantly in the 100 % peanut shell compost treatment due to the large number of pores and a decrease in waterholding capacity. Pool and Conover (1991) also reported the weak growth of dracaena grown in organic beds with a high pore presence and low water-holding capacity. The growth of dracaena in the control bed was low, so indexes such as leaf number and dry stem and leaf weight in this treatment showed no significant difference compared to 100 % treatment with peanut shell compost. This may be due to the large C/N ratio in the control bed and the decreased need for nitrogen of the plant, compared to the 15, 30, 45 and 60 % treatments with peanut shell compost. Gayasinghe et al. (2010) used manure compost (CMC) and synthetic compounds (SA) as an alternative to peat in cultivating Tagetes paluta and concluded that plant height, the number of flowers for each plant, the dry and fresh weights of stems, root length and dry and fresh weights of roots increased in the combined treatment using 40 % SA and 60 % v/v CMC. The nutrient concentration in dracaena leaves was within the presented range as shown by Denis et al. (2003) , denoting the effectiveness of nutrient range for plant growth. Lack of significant potassium level changes in treatments using peanut shell compost may be due to a higher yield of dry leaf matter in these treatments, compared to the control. In fact, potassium uptake occurred in plants, but the higher yield of plants and the dilution effect indicated no observable difference from the control. Additionally, in most cases, concentration variations did not follow from the values of these elements in the cultivation beds. In terms of nutrient concentration in plant organs, these depended on different factors such as plant growth, ionic competition and deposition; therefore, sometimes it is impossible to use nutrient concentrations in plants as a reliable parameter for assessing plant growth. The impact of nutrient dilution resulting in additional yields can also give rise to confusion. In this regard, nutrient uptake by plants from growth media is considered a more reliable parameter.
Increasing the amount of peanut shell compost (less than 60 %) caused an increase in nitrogen uptake by plants when compared with the control; this may have been due to the decomposed organic material in the substrate medium and as a result of increasing the amount of available nitrogen to plants. Increasing peanut shell compost caused a decrease in the C/N ratio when compared with the control. This process was also reported by Oworu et al. (2010) , so an increase in the uptake of nitrogen by the plant was observed when compost was added to the growth medium of an Amaranthus ornamental plant. The increasing amount of peanut shell compost decreased phosphorus uptake in leaves in comparison to the control (compost more than 15 %). It appears that microorganisms converted mineral P to organic P during organic matter mineralization, thereby temporarily decreasing the availability of phosphorus (Mohammadi Tarkashvand et al. 2005) . The lowest phosphorus uptake was obtained in the 45 % compost treatment. This may have been due to the dilution effect, because of the larger size of the plant and a decreasing P concentration. Grigatti et al. (2007) also reported a decrease of phosphorus uptake by mimulus and salvia plants in beds containing green waste compost and sewage sludge when compared with controls (white peat).
Increasing K uptake in compost treatments is due to an increase in the availability of potassium in media by addition of peanut shell compost. Calcium uptake increased in compost treatments due to the higher yield of these treatments, compared to the control. The decrease in Ca uptake in the 100 % compost treatment was due to the lower yield of plant than in the control. Manganese uptake increased in 15 % compost and then decreased in other treatments of peanut shell compost in proportion to the applied compost. This increase was due to the higher yield of plants when compared with the control, while the subsequent decrease was due to the decreasing Mn concentration in leaves (Mn concentration in leaves was 258. 1, 204.2, 74.2, 53.7, 32 .2 and 32.1 mg/kg, respectively, in the control and 15, 30, 45, 60 and 100 % of plants with peanut shell compost). Magnesium uptake decreased in compost treatments compared to the control, whereas it increased in the 100 % compost treatment. This may have been due to ionic competition and the interaction effect between Ca and Mg. The increase of Fe uptake in 30 and 60 % compost treatments, compared to the control, was due to the higher yield of plants with these treatments. The highest zinc uptake was observed for the 60 % compost treatment, which may have been due to the higher concentration of Zn in the shoots of plants compared to other treatments (58.21 mg/kg).
Conclusion
Peanut shells as wastes of peanut have a considerable volume in Guilan Province, Iran, the compost of which can be used as a cheap and accessible resource in the growth medium of ornamental plants. Peanut shell compost because of its favorable properties and high porosity can be mixed with low-porosity substrates and applied as a substitute to peat in the cultivation media. Increase in peanut compost level as 60 and 100 % replacement is not suggested. Investigation of the effects of peanut shell compost on the growth of other varieties of ornamental plants has been proposed.
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